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Chinese calligraphy artworks

How to do for common people



Related work

> Studies based on conversion from user’s handwritten characters
to digital calligraphy [znangetal. 2010], [vi etal. 2014], [Li et al. 2012]
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1. Handwriting input and recognition

Part 1:Handwritten characte%

(a) Chinese
handwriting

(b) Extract strokes  (c) Recognize with CNNJ




Obtain handwritten character & strokes

» Input: mouse or touch pad
» Extraction:

— extract stroke coordinates directly from a user interface. It’s

easy to record the stroke coordinates and sequences.
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(a) Input from a touch pad. (b) writing interface



Stroke recognition with CNN

» Convolutional neural networks >  Our average recognition

(CNN)for handwritten characters rate reaches 93%.

[Gupta et al. 2011], [Syamlan et al. 2015],
[Xiao et al. 2017]

Input C1 S2 C3 S4 C5 S6 F7  Output
48x48 (6>46>46) (623x23) (12X2202) (12x11x11)  (12x10<10)  (12>x6>5)
T -] - "-—-"———-—-——-—_---ef-fTsss 9>95sT"— T T =
\ — Heng \
\ — Shu \
\ \
== \
T f— Pie \
\ — Na
\ \
\ 20 strokes
33 \ 2%2 2> 2> 2% 22

Convolution\ Subsampling Convolution Subsampling  Convolution  Subsampling \ \Fully-connect

—— e e e e e e e e s s e e e e s e cmmd) e cm— cm— o— o— c—



2. Calligraphy stroke database establishment

(d) Extract (e) Callifdphy (f) Corresponding
\_parameters database stroke




Stroke parameterization

» Extract the skeleton of standard calligraphy stroke

Tian’s book — The Elaboration of Ancient and Modern Famous Kai Calligraphy

» Build the parameter model for each stroke

@) (13, 6, w)
| — length
/ 0 — angle

start point corner point

end point W — width

Rigid segment (red area) - contains the important features of regular-style calligraphy
Flexible segment (green area) - the transition segment between the rigid segments



Problem & Approach

> Relationship between W (stroke width) & h (desent
of brush)
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Standard stroke database

(a) Tian’s 20 Original standard strokes; (b) robot-written strokes



3. Calligraphy beautification and writing
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Global optimization of the target strokes

» goal 1: make the target stroke be close to the user's

handwriting.
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Global optimization of the target strokes

» goal 2: make the target stroke preserve calligraphy
style.
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Global optimization of the target strokes

» goal 3: make the target stroke be smooth as much as
possible.
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Optimization model

goal 1 goal 2 goal 3
Handwriting Calligraphy Smoothness

min[F(w,v) +G(u,w) +H(w)]
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X =arg Xmin{oc[z (w; —v;)' (W, —v;)] + B Fan(Py =01+ 71D fqr (s =1 )]}

a, B, y . weight coefficients



Adjust & select parameters

» Set the range of each weight coefficient (a, £, y) to [0.1,1]
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4. Control of robotic arm writing
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Height values (z) of robot control points

i : : (b)
» Problem: itis Inappropriate to directly @y, W W,
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- Approach: find new corresponding E Wy "
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(a) Standard calligraphy stroke (b) Optimized stroke



Control of robotic arm writing

Joint 4

(a) DOBOT roboticarm (b) DOBOT Studio interface



Experiments & results

(a) no optimization results as the height of the brush is lowered (b) results of calligraphy writing after
optimization without rigid segment replacement (c) results of calligraphy writing after optimization with
rigid segment replacement



Results

— Non-expert
users




User study

Questions

Q(2) The beautification
method is usefull

Q(2) Calligraphy written by
robotic arm has the style of
handwriting

Q(3) Calligraphy written by
robotic arm has the
characteristics of regular script
Q(4) Calligraphy written by
robotic arm is aesthetic

Q(5) The overall process is
relatively time-consuming

Q(6) The system will be
recommended to
calligraphy amateurs
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Limitations

» Speed of overall process

» Incomplete stroke database
» The influence of the physical form of a brush.
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Conclusion & future work

>

A global optimization approach to generate
Chinese calligraphy for robotic calligraphy
writing.

Improve the stroke database for complex
Chinese characters.

Design a control system to automatically
detect and adjust the physical state of the
brush.
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